T h e M a r i u s Hills region, a volcanic plateau in Oceanus P r o c e l l a r u m , contains n u m e r o u s r i l l e s , r i l l e -l i k e s t r u c t u r e s , and c h a i n s of elongate c r a t e r s . M o s t of t h e s e s t r u c t u r e s c h a r a c t e r i s t i c a l l y : 1 ) o r i g i n a t e on o r n e a r i r r e g u l a r shaped c r a t e r s a s s o c i a t e d with f e a t u r e s previously i n t e rp r e t e d a s volcanic d o m e s , 2 ) t r e n d downslope onto P l a t e a u P l a i n s , 3 ) gene r a l l y t a p e r in width and b e c o m e s h a l l o w e r , 4) a r e often discontinuous, 5 ) occupy t h e c e n t e r , o r a p p a r e n t c r e s t of a broad ridge, 6 ) m a y contain cut-off b r a n c h e s and d i s t r i b u t a r y s t r u c t u r e s , and 7 ) m a y have l o c a l r e v e rs a l s in longitudinal slope. S t r u c t u r e s having t h e s e c h a r a c t e r i s t i c s a r e int e r p r e t e d to be l a v a channels o r p a r t l y collapsed lava tubes. T e r r e s t r i a l g r a v i t y accounts f o r i n c r e a s e d width of the l u n a r s t r u c t u r e s . L i n e a r and c u r v i l i n e a r r i l l e s trending along equal elevations a r e i n t e r p r e t e d to r e s u l t f r o m f r a c t u r i n g o r faulting,
INTRODUCTION
This paper p r e s e n t s quantitative and qualitative geomorphic e v i d e n c e for the existence of lava channels and p a r t l y collapsed lava tubes in the Lunar Marius Hills region. Analogs a r e offered a s t e r r e s t r i a l counterp a r t s to the lunar s t r u c t u r e s described.
Marius Hills i s one of s e v e r a l l u n a r a r e a s of inferred igneous and volcanic activity. McCauley (1965 ) described the a r e a a s a southwarddipping volcanic plateau comprising about 35, 000 kmZ in the middle of Oceanus P r o c e l l a r u m ( f i g u r e s 1 and 2 ). McCauley l a t e r (1967 ) proposed the M a r i u s Group a s new rock unit and assigned it to the Eratosthenian System. He described the a r e a a s a smooth undulating region of low, uniform albedo with prominent ridges, s c a r p s , and local plateaus. Two types of domes (the Marius "hills") w e r e described ( Figure 2 ) : low domes with convex profiles and gentle slopes (2-3 d e g r e e s ), and steep domes with s t e e p concave slopes (6-7 d e g r e e s ). Steep domes a r e often situated on low domes and both types m a y be elongate in a NNE-SSW orientation d o m e s of s e v e r a l types, ridges, endogenous c r a t e r s , exogenous c r a t e r s , and r i l l e s , and proposed that m a n y of t h e s e s t r u c t u r e s b e visited, examined, photographed and sampled by the a s t r o n a u t s . Although they d i s c us s e d p o s s i b l e r o c k types i n the a r e a and i n t e r p r e t e d many of the s t r u c t u r e s , t h e r i l l e s w e r e somewhat neglected, though two r i l l e s w e r e proposed a s p r i m a r y investigation stations, B e c a u s e r i l l e s a r e p r o m i n e n t s t r u c t u r e s in t h e M a r i u s Hills and o t h e r l u n a r a r e a s and s o m e r i l l e s m a y b e v i s i t e d and s a m p l e d within t h e next few y e a r s , a n understanding of r i l l e m o r p h ology and c o n s i d e r a t i o n of t h e i r o r i g i n a r e significant to l u n a r geology.
RILLE DESCRIPTIONS
Lunar r i l l e s can be separated morphologically into at least three types: l i n e a r r i l l e s , sinuous r i l l e s , and tightly meandering rilles, L i n e a r r i l l e s a r e generally l a r g e (often tens of kilometers long and m o r e than 5 k m wide) and appear t o be controlled by deep-seated s t r u c t u r e s that cut a c r o s s c r a t e r r i m s , m a r e and highland a r e a s . Some l i n e a r r i l l e s , however, a r e much s m a l l e r and m a y r e p r e s e n t s m a l l faults, f r a c t u r e s , o r f i s s u r e s . L a r g e l i n e a r r i l l e s a r e probably analogous to t e r r e s t r i a l grabens. In cont r a s t , sinuous r i l l e s appear to be topographically controlled and generally trend around topographic highs, Sinuous r i l l e s range in s i z e f r o m l e s s than a few k i l o m e t e r s long and l e s s than a hundred m e t e r s wide to s t r u c t u r e s exceeding tens of kilometers long. Tightly meandering r i l l e s a r e c h a r cterized by t h e i r e x t r e m e sinuosity and often r e s e m b l e old age fluvial channels. The t h r e e types may g r a d e one into another (particularly l i n e a r and sinuous r i l l e s ) and t h e r e appear to be numberous sub-types, each with a distinctive morphology. It i s likely that t h e r e a r e s e v e r a l different modes of origin, each producing different types of rilles.
A.
Descriptive Technique
I. Sinuosity. Meandering i s a salient c h a r a c t e r i s t i c of sinuous rilles.
Leopold and Wolman (1960) described a quantitative means of comparing sinuosity of individual channels :
w h e r e S1 = sinuosity, a = a r c length and L = meander o r wave length f o r individual segments of a channel. Thus, a s t r a i g h t segment would have a sinuosity of one. Overall sinuosity of a channel f r o m end to end may be defined a s :
w h e r e S2 = o v e r a l l sinuosity, d l = straight-line distance and d 2 c o u r s eline distance, end t o end. A straight channel would have a n overall sinuosity of one. w e r e prepared f r o m TOPOCOM data. E r r o r s i n elevation, attributable t o photographic resolution and inherent uncertainties in s p a c e c r a f t p a r am e t e r s , range f r o m -+ 126m t o -+ 162m in the a r e a considered. A m a n u s c r i p t topographic m a p (contour interval, 200m) prepared by TOPOCOM w a s e mployed f o r regional topography, TOPOCOM data was supplemented by height determinations f r o m shadow m e a s u r e m e n t s on s t e e p slopes.
3.
M u~r a y and G u e s t ( i 9 7 0 j showed that C~Y -c u l a r i t y of c r a t e r s m a y give a n indication of endogentic o r exogenetic o r i g i n f o r c r a t e r s and d e s c r i b e d s e v e r a l techniques f o r d e t e r m i n i n g c i r c u l a r i t y .
They noted that t e r r e s t r i a l i m p a c t s t r u c t u r e s and explosion c r a t e r s a r e m o r e c i r c u l a r (lower c i r c u l a r i t y index) than t e r r e s t r i a l endogenous c r a t e r s .
C i r c u l a r i t y indexes (Method C1, M u r r a y and G u e s t , 1970, p. 149-150) w e r e obtained f o r t h e l a r g e c r a t e r s i n the a r e a , including c r a t e r s a s s o c i a t e d with, o r a t t h e head of, sinuous r i l l e s . C i r c u l a r i t y v a l u e s a r e shown in f i g u r e 3 f o r M a r i u s Hills c r a t e r s and t e r r e s t r i a l c r a t e r s . Of the t e r r e s t r i a l e x a mp l e s , a l l c r a t e r s w i t h a c i r c u l a r i t y index above 2 a r e endogenetic.
C r a t e r c i r c u l a r i t i e s a r e not c o n s i d e r e d definitive in s e p a r a t i n g i m p a c t c r a t e r s f r o m endogenous c r a t e r s . S o m e i m p a c t c r a t e r s produced i n the labo r a t o r y by p r o j e c t i l e s f i r e d into t a r g e t s a t oblique a n g l e s a r e noticeably nonc i r c u l a r ( p e r s o n a l communication, D. E. Gault). However, when consid e r e d with o t h e r f a c t o r s , c i r c u l a r i t y m a y aid i n d e t e r m i n i n g c r a t e r origin.
4. Photographic coverage. L u n a r O r b i t e r 5 provided photographic c o v e r a g e of the M a r i u s Hill r e g i o n with 8 s t e r e o s c o p i c a l l y overlapping Medium
Resolution F r a m e s (MR 210-216) a t a s c a l e of about 1:202, 000 (ground r e s o l ution -2. 5 m). Sun angle a t t i m e of exposure, about 15. 2 " above t h e horizon, i s r a t h e r low and m a n y i n t e r i o r c r a t e r and r i l l e s t r u c t u r e s a r e i n shadow.
T h e photographs a r e slightly oblique with t h e c a m e r a a x i s tilted about 10" f r o m t h e n a d i r ; however, t h i s amount is negligible in d e t e r m i n i n g c r a t e r c i r c u l a r i t i e s ,
B.
Rille A.
This rille ( F i g u r e 21, the longest channel in the a r e z (Table I ) , o r i g inates in an i r r e g u l a r , 2 k m in d i a m e t e r c r a t e r ( c i r c u l a r i t y index = 2. 59) formed in Plateau Plains lava flows adjacent t o a low dome (McCauley, 1968) on the e a s t s i d e of a prominent wrinkle ridge. Rille A p a s s e s through the ridge, t r e n d s westward downslope with the regional dip of the Marius Hills Plateau and t e r m i n a t e s indistinctly in the m a r e plains. The t e r m i n a l end of the channel i s l e s s than half the width of the channel a t the source.
Rille A can be divided into two p a r t s , a n upper sinuous section and a lower l i n e a r section.
In profile ( F i g u r e 4), the r i l l e maintains about the s a m e elevation a s it p a s s e s through the wrinkle ridge. West of the ridge (Station I ) , the rille i s partly buried by ejecta f r o m C r a t e r 1 ( c i r c u l a r i t y index, 1. 49) interpreted to be impact (McCauley, 1968) . T h e r e i s a slight depression about C. Rille B Rille B i s the second l a r g e s t r i l l e in the a r e a (Table I) The r i l l e c a n be divided into two p a r t s , a n upper section on the e a s t s i d e of the ridge and a lower section to the west of the ridge. The upper section i s f a i r l y straight, wide, and a p p e a r s to originate in an elongate cleft, T h e cleft has a n i r r e g u l a r , hummocky floor and a prominent r i m on the southe a s t side.
In profile ( F i g u r e 4) the floor of Rille B does not maintain the s a m e elevation a t the juncture with the ridge; r a t h e r , i t appears t o r i d e up and The lower section of Rille B t r e n d s generally downslope to Station 4 within 7 k m of i t s apparent terminus. H e r e , the slope r e v e r s e s and t h e r i l l e occupies a low dome. At this s a m e point, the r i l l e divides into a t l e a s t two s m a l l (about 180 m wide) channels, E a s t B r a n c h and West Branch, bo'th of which become discontinuous and fade into the m a r e plains.
In c r o s s section ( F i g u r e 5 ) m a n y s e g m e n t s of Rille B occupy ridge c r e s t s o r h a v e l a t e r a l levees, s i m i l a r t o Rille A. In the upper section n e a r the a p p a r e n t s o u r c e -c l e f t the r i l l e h a s prominent levees (section A-A').
Below the ridge the r i l l e i s centered on a broad topographic high ( s e c t i o n B-B'). N e a r the t e r m i n u s E a s t B r a n c h and West B r a n c h c r o s s a low d o m e (section C-C'). This a r e a ( F i g u r e 6 ) contains a t l e a s t five distinct s t r u c t u r e s : 1) a combination sinuous r i l l e -elongate c r a t e r chain (Rille C ) 2) a n inferred impact c r a t e r , 3) a prominent s t e e p dome superposed on a low dome, 4) a s m a l l sinuous rille, and 5 ) a s m a l l l i n e a r rille.
Rille C originates in an i r r e g u l a r shaped c r a t e r ( circularity index = Southwest of the i m p a c t c r a t e r , t h e R i l l e C s t r u c t u r e continues a s a s e r i e s of elongate c r a t e r s , identified A through G beginning n e a r e s t t h e ejecta. C r a t e r A h a s a p r o m i n e n t f r a c t u r e extending along i t s s o u t h e r n r i m f o r m i n g a 100 m e t e r -w i d e block that m a y h a v e slumped toward t h e c r a t e r .
A 334 m i n d i a m e t e r c r a t e r (G), 12. 5 k m f r o m the a p p a r e n t s o u r c e , i s the l a s t s t r u c t u r e c o n s i d e r e d p a r t of the r i l l e s y s t e m . T h e r i l l e s y s t e m m a y continue southwestward through a few elongate c r a t e r s a n additional 14. 5 k m to a 300 m wide sinuous rille. Although t h i s s m a l l r i l l e is on t h e s a m e g e n e r a l trend a s Rille C , t h e r e i s not sufficient s u r f a c e evidence t o w a r r a n t i t s connection with Rille C.
C r a t e r 2 i s 3. 12 k m in d i a m e t e r , a t l e a s t 505 m deep, and h a s rims about 200 m about ground level. Continuous e j e c t a extends a t l e a s t 940 m r a d i a l l y f r o m t h e r i m and t h e r e a r e no d i s c e r n i b l e r a y elements. E j e c t a fills p a r t of t h e u p p e r p a r t of Rille C and p a r t of a s m a l l e r r i l l e (Rille C-1) which m a y be genetically r e l a t e d t o Rille C. Unfortunately, the c r a t e r c o v e r s the a r e a of p o s s i b l e junction. Rille C-1 i s 6. 25 k m long, a v e r a g e s 125 m i n width and i s about 11. 3 m deep. It i s discontinuous and, l i k e o t h e r r i l l e s in t h e M a r i u s Hills, ends by fading out on t h e m a r e s u r f a c e . The southern section i s b e t t e r defined than the northern section and i s comprised of deep elongate c r a t e r s and clefts connected by f r a c t u r e s . At the southern t e r m i n u s , the r i l l e hooks toward the southwest in a large, deep (96m) elongate c r a t e r .
T h e f o u r t h s t r u c t u r e in the a r e a i s t h e d o m e a s s o c i a t e d with t h e s
E. T h e r e a r e a t l e a s t t h r e e r i l l e s in the g e n e r a l a r e a , two of which ( R i l l e s D and E) a r e scheduled a s investigation s t a t i o n s ( E l s t o n , e_t a1,1969). -Rille D m a r k s the c o n t a c t between M c C a u l e y l s (1 968) P l a t e a u P l a i n s unit and t h e low d o m e on which F i s s u r e Cone 1 i s situated. T h e r i l l e i s a t l e a s t 4. 07 k m long and 17 1 m wide. In c r o s s s e c t i o n t h e r i l l e is broadly rounded without a w e l l defined wall-floor contact. Depth a p p e a r s t o be v a r i a b l e and i s difficult t o d e t e r m i n e b e c a u s e t h e w a l l s a r e not s t e e p enough t o c a s t s h a r p shadows. In one a r e a , however, the r i l l e a p p e a r s t o b e about 15 m deep. Although the e x a c t r i l l e t e r m i n i a r e not r e a d i l y a p p a r e n t , t h e w e s t end i s a t a h i g h e r elevation t h a n t h e e a s t end and i s about halfway between F i s s u r e Cone 1 and a shallow 1. 21 k m i n d i a m e t e r c r a t e r . The middle of the r i l l e is a t a lower elevation than the ends.
About 400 m northeast of Rille E i s a s e r i e s of NNW-SSE trending f r a c t u r e s . The f r a c t u r e s a r e about 2 m wide and a r e in discontinuous, en echelon sections, with the longest section about 1. 8 km. Although
McCauley (1 968) described t h e s e s t r u c t u r e s a s sinuous r i l l e s , the l i n e a r , e n echelon c h a r a c t e r of the s t r u c t u r e i s not typical for sinuous rilles. 
TER.RESTRIAL ANALOGS COMPAgiED -WITH L U N A R F E A T U R E S
S e v e r a l hypotheses on t h e f o r m a t i o n of l u n a r sinuous r i l l e s h a v e been proposed i n the l a s t s e v e r a l y e a r s . Oberbeck,et -- m e c h a n i s m s , p a r t i c u l a r l y t h a t by l a v a channel formation, w e r e not excluded.
Morphological s i m i l a r i t e s between c e r t a i n l u n a r r i l l e s o r r i l l e -l i k e s t r u ct u r e s and t e r r e s t r i a l l a v a t u b e s and channels a r e supported by r e c e n t evidence on t h e e s t i m a t e d v i s c o s i t y and composition of l u n a r m a r e m a t e r i a l . Greeley, 197 0) . Thus, channels may develope in p r e f e r e n c e over tubes when 1) the gradient i s steep, 2 ) the lava i s viscous ( p r e c i s e limiting viscosities a r e not known), o r 3 ) the c r u s t over the molten lava is not f r e e standing a f t e r drainage of the lava. The distinction between the tubes and channels can, thus, be made in r e g a r d to the c r u s t : if the roof is f r e e standing a f t e r drainage of molten lava, the s t r u c t u r e i s a tube;
if the c r u s t only partly develops, o r collapses during drainage, the s t r u c t u r e i s a channel. Some s t r u c t u r e s a l t e r n a t e f r o m tube to channel to tube, etc. w e s t Washington shows a r e a s i n which t h e l a v a tube and flow apparently undercut t h e pre-flow v a l l e y w a l l ( G r e e l e y and Hyde, 1970). 
L a v a tubes and channels f o r m cut-off b r a n c h e s along the m a i n s t r u c t u r e , a s i l l u s t r a t e d in f i g u r e 9. Cut-offs m a y be a t h i g h e r , lower, o r t h e s a m e l e v e l a s the m a i n s t r u c t u r e . Collapse of t h e roof r e s u l t s in a n "island

Width of l a v a tubes m a y be f a i r l y constant throughout t h e i r c o u r s e
(Hambone L a v a Tube, Siskiyou Co. , Calif. ) o r m a y be v a r i a b l e . T h e t r e n c h r e s u l t i n g f r o m l a v a tube roof c o l l a p s e usually r e f l e c t s the o r i g i n a l configur a t i o n of t h e tube. L a v a channels, on the o t h e r hand, a r e g e n e r a l l y f a i r l y constant in width; however, they m a y b e c o m e p r o g r e s s i v e l y shallower.
B, R i l l e A.
Rille A o r i g i n a t e s i n a c r a t e r lacking r a i s e d r i m s and e j e c t a and that h a s a high c i r c u l a r i t y index, a l l indications of i n t e r n a l origin. Rille r i m s n e a r t h e s o u r c e ( F i g u r e 5 ) f o r m p r o m i n e n t l e v e e s , Downslope t h e r i l l e occupies the c r e s t of a r i d g e a t l e a s t 200 m above the surrounding t e r r a i n .
It i s u n r e a s o n a b l e t o a s s u m e that the r i l l e eroded i t s channel along t h e c e n t e r of t h e r i d g e by fluvial o r nuge a r d e n t m e c h a n i s m s . L e v e e s and r i d g e a r e c o n s i d e r e d c o n s t r u c t i o n a l f e a t u r e s of t h e r i l l e , analogous t o s t r u c t u r e s f o r m e d i n a s s o c i a t i o n with l a v a channels. Although i t m a y be a r g u e d that s m a l l l e v e e s c a n r e s u l t f r o m fluvial p r o c e s s e s , a n o r i g i n by w a t e r d o e s not explain t h e l a r g e ridge underlying t h e a x i s of Rille B, r ev e r s a l s i n slope along t h e channel f l o o r ( F i g u r e 4), a b s e n c e of t r i b u t a r i e s , o r t a p e r i n g of channel width toward the t e r m i n u s .
Morphologically, Rille A i s identical to m a n y l a v a channels and collapsed l a v a tubes. I t s g r e a t width probably exceeds that of a f r e e standing l a v a tube roof, even under l u n a r conditions (Oberbeck, --e t a
l , 1969). L a v a channels, however, a r e not r e s t r i c t e d i n width. F o r m a t i o n of a thin c r u s t during a c t i v e flow p e r m i t s h y d r o s t a t i c flow conditions and allows the s t r u ct u r e t o c r o s s topographic highs, The r i d g e a p p e a r s l o w e r a t t h e junction with Rille A and t h e r i l l e possibly p a s s e d through a gap, o v e r r i d i n g s m a l l topographic obstructions. Contemporaneously, l a t e r a l channels and tubes d i s t r i b u t e a c c r e t i o n a l l a v a to f o r m l e v e e s and to e l e v a t e the o v e r a l l s t r u ct n r e , L e n g t h of R.ille A is c o m p a r a b l e t o t e r r e s t r i a l b a s a l t flows
containing tubes and channels, Slope along Rj.lle A is s i m i l a r to that of t e r r e s t r i a l basalt flows (Rille A = Q O 31" Horse Cave System, Oregon = 0 " 2 8 ' [~r e e l e~, in press]).
Although quantitative and qualitative morphologic evidence and compositional evidence strongly support origin by lava channel formation, other mechanisms cannot be entirely excluded. The lower p a r t of the r i l l e consists of f a i r l y straight segments which m e e t at r a t h e r s h a r p angles r a t h e r than forming meandering bends, and the r i l l e floor i s flat, suggestive of l i n e a r rilles and possible formation by block faulting.
C. Rille B.
The upper section of this rille, consisting of a n elongate cleft and curvilinear rille, a p p e a r s to be s t r u c t u r a l l y controlled and m a y be analogous t o a fissure. F i g u r e 11 i l l u s t r a t e s p a r t of the Southwest Rift
Zone of Mauna Loa and the associated basalt flows and channels controlled by the rift. The lower p a r t of Rille B is meandering, occupies a ridge c r e s t , h a s a n i r r e g u l a r floor, a cut-off branch a t a higher elevation than the m a i n trench, c r o s s e s a low dome, and has t e r m i n a l d i s t r i b u t a r y channels. T h e s e s t r u c t u r e s a r e best explained a s p a r t s of a collapsed lava tube network. The i r r e g u l a r floor and discontinuous channel (between Stations 2 and 3 ) m a y r e p r e s e n t piles of collapsed blocks and uncollapsed sections of a lava tube roof of v a r i a b l e thickness, s i m i l a r to that of Arnold Lava Tube, Oregon (Greeley, in p r e s s ) . The cut-off branch a t Station 3 , occupying a higher elevation than the main trench i s typical for c u t -off, s u b s i d i a r y l a v a tubes ( F i g u r e 9).
At the w e s t e r n t e r m i n u s of Rille B , the branching and discontinuous s m a l l e r channels a r e analogous t o f e e d e r tubes and d i s t r i b u t a r y channels frequently found i n lava tubes ( F i g u r e 12).
T h e l o w e r s e c t i o n of Rille B, t h e r e f o r e , i s i n t e r p r e t e d a s a n e a r l y c o mpletely collapsed l u n a r lava tube. T h e upper s e c t i o n m a y r e p r e s e n t a f i s s u r e zone and ( o r ) l a v a channel.
D. Rille C a r e a .
Rille C i s a c l a s s i c e x a m p l e of a p a r t l y collapsed l a v a tube. Unfortunately, p r e c i s e topographic c o n t r o l is not available f o r detailed quantit a t i v e geomorphic analysis. However, p r e l i m i n a r y topography and qualit a t i v e geomorphology p r o v i d e a m p l e evidence f o r i t s interpretation.
C o m p a r i s o n s c a n be m a d e with Giant C r a t e r , Modoc C r a t e r , and M a m m o t h C r a t e r L a v a Tubes, N o r t h e r n C a l i f o r n i a ( F i g u r e s 13 and 14). L i k e t h e s e t h r e e s t r u c t u r e s , Rille C o r i g i n a t e s i n a n i r r e g u l a r c r a t e r (high c i r c u l a r i t y index, F i g u r e 3) indicative of i n t e r n a l origin. T h e s o u r c e c r a t e r s of a l l the s t r u c t u r e s a r e situated in upland a r e a s a s s o c i a t e d with d o m e s (pyroc l a s i t c c o n e s and l a v a flow d o m e s f o r t e r r e s t r i a l e x a m p l e s , ' e x t r u s i v e s t r u c t u r e s ' of McCauley [1968] , f o r Rille C). Rille C c r a t e r h a s on i t s f l o o r p r o m i n e n t funnel-shaped c r a t e r s u g g e s t i v e of d r a i n a g e to the subs u r f a c e . S i m i l a r l y , Giant C r a t e r h a s i n t e r n a l c r a t e r s ( F i g u r e 13) which The l a r g e s t collapse depression of Rille C is about 420 m wide, o r about 3 t i m e s wider than the widest known collapsed lava tube on e a r t h
( B e a r T r a p Lava Tube, Idaho). Oberbeck, --e t a1 (1969) demonstrated that reduced l u n a r gravity would p e r m i t collapsed lunar tubes up t o 500 to 1000 m wide, depending upon l a t e r a l slumping. Rille C width i s well within this range. O v e r a l l length of the rille, 12. 5 km, and estimated slope of 1. 5" a r e analogous t o many t e r r e s t r i a l lava tubes.
Rille C -l leading f r o m Rllie C t a p e r s and becoilles slightly s b a ? l o~x e r toward i t s l o w e r end. It is discontinuous a n d i n t e r r u p t e d in a t l e a s t t h r e e p l a c e s ( F i g u r e 6). Rille C-1 i s i n t e r p r e t e d to be a d i s t r i b u t a r y lava t u b e a s s o c i a t e d with t h e m a i n rille. Unfortunately, C r a t e r 2 i s s u p e r p o s e d o v e r Rille C a t t h e juncture of the channel, collapsed tube, and the d i s t r ib u t a r y channel, and i t i s i m p o s s i b l e t o d e t e r m i n e the relationships between the s t r u c t u r e s . Although e j e c t a f r o m t h e c r a t e r h a s a l t e r e d the p r e -i m p a c t topography, p r e l i m i n a r y topography f r o m a m a n u s c r i p t topographic m a p of t h e M a r i u s Hills (TOPOCOM) indicates a slight r i m along both s i d e s of Rille C ( s e e t h e 4000 m contour line, F i g u r e 5).
The c r o s s -c u t t i n g r e l a t i o n s h i p of t h e l i n e a r r i l l e to the m a r e , Rille C , and t h e d o m e indicates that it i s younger than t h e s e f e a t u r e s and i s s t r u c t u r a l l y controlled. B e c a u s e t h e s t r u c t u r e is n e a r l y horizontal
( p a r a l l e l to t h e 4400 m contour line) i t i s unlikely that it r e s u l t e d f r o m fluid flow. It i s i n t e r p r e t e d t o be a fault, o r fault block, through which f r a g m e n t a l s u r f a c e m a t e r i a l h a s drained to f o r m elongate c r a t e r s .
E. Apollo Landing Site.
T h i s a r e a contains s t r u c t u r e s i n t e r p r e t e d to be lava tubes and channels.
Rilles D and F originate in o r n e a r c r a t e r e d d o m e s i n t e r p r e t e d to b e pyroc l a s t i c s t r u c t u r e s which a r e situated on low d o m e s possibly r e p r e s e n t i n g as s o u r c e c r a t e r s f o r t u b e s and channels. E x a m p l e s include B a n d e r a C r a t e r and l a v a tube, New Mexico and D e e p C r a t e r and tube, California.
D e e p C r a t e r ( F i g u r e 15) is c o n s i d e r e d analogous t o t h e f i s s u r e c o n e and R i l l e F i n t h e Apollo site.
It is difficult t o d e t e r m i n e w h e t h e r R i l l e s D and F a r e c o l l a p s e d l a v a t u b e s o r a r e , l a v a channels.
T h e d e p t h of R i l l e E is f a i r l y c o n s t a n t and t h e r i l l e is continuous; t h u s it m a y not h a v e been roofed. R i l l e F, on t h e o t h e r hand, is discontinuous and m a y r e p r e s e n t uncollapsed, o r s e a l e d p a r t s of a l a v a tube.
Rille E, c o m p o s e d of t h r e e l i n e a r s e c t i o n s , a p p e a r s t o t r a v e r s e a s l i g h t valley, w i t h e a c h end a t a h i g h e r
e l e v a t i o n t h a n t h e middle. R i l l e E and t h e e n e c h e l o n l i n e a r d e p r e s s i o n s t o the n o r t h and n o r t h e a s t a r e i n t e rp r e t e d t o be f a u l t s , f r a c t u r e s , o r f i s s u r e s .
SUMMARY AND CONCLUSIONS
The Marius Hills region h a s been previously described a s a volcanic province exhibiting many common volcanic s t r u c t u r e s . The m a r e a r e a ( P l a t e a u Plain m a t e r i a l of McCauley, 1968) show) in t e r r e s t r i a l photographs, it i s unlikely that they will be visible in s p a c e c r a f t photographs. Lava tubes generally begin t o collapse w h e r e the roof i s thinest, and w h e r e the tube tends t o r i s e toward the surface.
Collapsed roof sections often block o r nearly block the entrance. Thus, lava tube entrances a r e considerably s m a l l e r than the uncollapsed interior.
In a e r i a l photographs the entrancessare usually l o s t in shadow, too s m a l l to b e c l e a r l y distinguishable, o r appear a s i r r e g u l a r shadows. Rille E and the l i n e a r r i l l e n e a r Rille C because they a r e straight, cut . a c r o s s other s t r u c t u r e s , and do not trend downslope, a r e considered t o b e faults, f r a c t u r e s , o r fissures. They may have been modified by slumping and drainage of s u r f a c e m a t e r i a l into the subsurface.
Although the lines of evidence presented h e r e in support of o r i g i n by lava tube and channel formation c a n be applied to s i m i l a r l u n a r s t r u ct u r e s in other a r e a s , particularly in regions of suspected volcanic activity, i t is not suggested that a l l sinuous r i l l e s have formed by this mechanism.
As stated previously, t h e r e a p p e a r t o be many sub-types of sinuous r i l l e s , 
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C i r c u l a r i t y index ( a f t e r Murray and Guest, 1970) f o r t e rr e s t r i a l impact and volcanic c r a t e r s c o m p a r e d with c r a t e r s in t h e M a r i u s Hills. C i r c u l a r i t y index of 1. 9 g e n e r a l l y s e p a r a t e s i n t e r n a l l y and externally produced c r a t e r s . Data f o r s o m e t e r r e s t r i a l c r a t e r s f r o m M u r r a y and G u e s t (1970).
C r a t e r identification: 1-10, M a r i u s Hills (identified in D i a g r a m of a srna,lb distr-ibu-tary lava t u b e sysierrr-i l e a d i n g f r o m a i a r g e r l a v a c h a n n e l -t u b e , D i s t r i b t r t a r y s y s t e m s d e p o s i t l a v a a l o n g m a j o r c h a n n e l s a n d t u b e s t h u s e l e v a t i n g the system.
F i g t i r e 13, Aerial photograph o f G i a n t C r a t e r a n d L a v a 1 1 hc %ski yoir
Co, , Calif, The upper part of the systenl, near-the s o u r c e c r a t e r , may not have had a f r e e -s t a~i d r n g roof a f t e r d r a m a -g e of the fluid lava, and this may be considered a lava channel.
The lower p a r t of the tube i s composed of collapse d e p~e ssions separated by relatively solid m a s s e s of basalt, Giant C r a t e r has s e v e r a l i n t e r i o r c r a t e r s which resulted iron? collapse and drainage of fluids back down the vent. C a v e e n t r a n c e (uncollapsed tube e x c e e d s 27 r n i n d i a m e t e r ) , L a v a Beds National Monument, Calif. S e r i e s i l l u s t r a t e s t h e difficulty in detecting c a v e e n t r a n c e s f r o m t h e air: 1 6 a -v e r t i c a l Only in t h e l a s t photograph, u n d e r conditions s u p e r i o r t o p r e s e n t l u n a r i m a g e r y , is t h e r e any indication of c a v e ent r a n c e s .
